Introduction {#Sec1}
============

Understanding the origin of the observed pattern of neutrino mixing, establishing the status of the CP symmetry in the lepton sector, determining the type of spectrum the neutrino masses obey and determining the nature---Dirac or Majorana---of massive neutrinos are among the highest priority goals of the programme of future research in neutrino physics (see, e.g., \[[@CR1]\]). One of the major experimental efforts within this programme will be dedicated to the searches for CP-violating effects in neutrino oscillations (see, e.g., \[[@CR2]--[@CR4]\]). In the reference three neutrino mixing scheme with three light massive neutrinos we are going to consider (see, e.g., \[[@CR1]\]), the CP-violating effects in neutrino oscillations can be caused, as is well known, by the Dirac CP violation (CPV) phase present in the Pontecorvo, Maki, Nakagawa, Sakata (PMNS) neutrino mixing matrix. Predictions for the Dirac CPV phase in the lepton sector can be, and were, obtained, in particular, combining the phenomenological approach, developed in \[[@CR5]--[@CR10]\] and further exploited in various versions by many authors with the aim of understanding the pattern of neutrino mixing emerging from the data (see, e.g., \[[@CR11]--[@CR21]\]), with symmetry considerations. In this approach one exploits the fact that the PMNS mixing matrix *U* has the form \[[@CR8]\]:$$\documentclass[12pt]{minimal}
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As is clear from the preceding discussion, the values of the angles in the matrix $\documentclass[12pt]{minimal}
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We note finally that the titles of Sects. [2](#Sec2){ref-type="sec"}--[4](#Sec8){ref-type="sec"} and of their subsections reflect the rotations contained in the corresponding parametrisation, Eqs. ([16](#Equ16){ref-type=""})--([18](#Equ18){ref-type=""}).
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Predictions {#Sec11}
===========

In this section we present results of a statistical analysis, performed using the procedure described in Appendix [A](#Sec16){ref-type="sec"} (see also \[[@CR49], [@CR50]\]), which allows us to get the dependence of the $\documentclass[12pt]{minimal}
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As can be observed from the left panel of Fig. [1](#Fig1){ref-type="fig"}, for the TBM and GRB forms there is a substantial overlap of the corresponding likelihood functions. The same observation holds also for the GRA and HG forms. However, the likelihood functions of these two sets of symmetry forms overlap only at $\documentclass[12pt]{minimal}
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That the BM (LC) case is disfavoured by the current data can be understood, in particular, from the following observation. Using the best fit values of $\documentclass[12pt]{minimal}
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It is interesting to compare the results described above and obtained in the scheme denoted by $\documentclass[12pt]{minimal}
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The Cases I and IV are disfavoured by the current data because the corresponding values of $\documentclass[12pt]{minimal}
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As the results shown in Fig. [3](#Fig3){ref-type="fig"} indicate, distinguishing between the Cases I/IV and the other three cases would not require exceedingly high precision measurement of $\documentclass[12pt]{minimal}
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We have performed also a statistical analysis of the predictions for the rephasing invariant $\documentclass[12pt]{minimal}
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Summary and conclusions {#Sec15}
=======================

In the present article we have derived predictions for the Dirac phase $\documentclass[12pt]{minimal}
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The results obtained in the present article confirm the conclusion reached in earlier similar studies that the measurement of the Dirac phase in the PMNS mixing matrix, together with an improvement of the precision on the mixing angles $\documentclass[12pt]{minimal}
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Appendix A: Statistical details {#Sec16}
===============================
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                \begin{document}$$(\theta ^e_{13},\theta ^e_{23}) - (\theta ^\nu _{23}, \theta ^\nu _{12})$$\end{document}$. The *dashed lines* represent the results of the global fit \[[@CR23]\], while the *solid ones* represent the results we obtain for the TBM, BM (LC), GRA (*upper left*, *central*, *right panels*), GRB and HG (*lower left* and *right panels*) neutrino mixing symmetry forms. The *blue* (*red*) *lines* are for the NO (IO) neutrino mass spectrum

The dashed lines represent the results of the global fit \[[@CR23]\], while the solid ones represent the results we obtain for each of the considered symmetry forms of the matrix $\documentclass[12pt]{minimal}
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If the charged lepton mass term is written in the right--left convention, the matrix $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$U_e$$\end{document}$ diagonalises the hermitian matrix $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M^\dagger _E M_E$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$U_e^{\dagger } M^\dagger _E M_E U_e = {{{\mathrm{diag}}}}(m^2_e,m^2_{\mu },m^2_{\tau })$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_E$$\end{document}$ being the charged lepton mass matrix.
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Similar results were obtained in the global analysis of the neutrino oscillation data performed in \[[@CR24]\].
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We consider only the "standard" ordering of the two rotations in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{U}_e$$\end{document}$; see \[[@CR46]\]. The case with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{U}_e = R^{-1}_{23}(\theta ^e_{23}) \, R^{-1}_{12}(\theta ^e_{12})$$\end{document}$ has been analysed in detail in \[[@CR45], [@CR46], [@CR49], [@CR50]\] and will not be discussed by us.
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                \begin{document}$$(ij)= (12)$$\end{document}$ rotation in the charged lepton sector (cf. Eq. (46) in \[[@CR45]\]).

We note that the expression ([42](#Equ42){ref-type=""}) for $\documentclass[12pt]{minimal}
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The corresponding results for IO neutrino mass spectrum differ little from those shown in the left panel of Fig. [1](#Fig1){ref-type="fig"}.

This sensitivity is planned to be achieved in future neutrino facilities \[[@CR70]\].
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